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(57) A method for a gas phase catalytic oxidation, 
reaction of a hydrocarbon, which comprises subjecting 
an alkana having a carbon number of from 3 to 8 and/or 
an alkene having a carbon number of from 2 to 8 to a 
gas phase catalytic oxidation reaction in the presence of 
a mixed metal oxide catalyst, wherein the reaction is 
carried out in the presence in the reactor of particles 
substantially inert to the reaction in an amount within a 
range of from the same amount as the amount of the 
catalyst to 99 wt% in all particles in the reactor, particu- 
larly a method for a reaction to produce an a, p-unsatu- 
rated nitrite, wherein the gas phase catalytic reaction is 
carried out in the presence of ammonia. 

More particularly, a method for the gas phase cata- 
lytic oxidation reaction, wherein, after the reaction, the 
particles substantially inert to the reaction are with- 
drawn in the form of a mixture with the mixed metal 
oxide catalyst, the inert particles are separated and 
recovered from the mixture, and the separated inert par- 
ticles are used again as being present in the reactor. 

By such present invention, it is possible to effec- 



tively control the reaction temperature and the quantity 
of heat generated by the reaction and thereby to pro- 
duce a nitrile or an unsaturated carboxylic acid further 
efficiently, in the method for a gas phase catalytic oxida- 
tion reaction of a hydrocarbon, specifically in the 
method for producing a nitrile and/or an unsaturated 
carboxylic acid by a gas phase catalytic oxidation reac- 
tion of an alkane or an alkene, particularly in the method 
for producing a nitrile using an alkane having a carbon 
number of from 2 to 8 as the raw material, especially 
when a fluidized bed reactor is employed. 

Further, it is very economical that after the reaction, 
the mixture of the catalyst component and the compo- 
nent inert to the reaction, is separated and recovered, 
and the inert component is reused for the reaction. 
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Description 

BACKGROUND OF THE INVENTION 
5 TECHNICAL FIELD 

[0001 ] The present invention relates to an improved method for a gas phase catalytic oxidation reaction of a hydro- 
carbon. Specifically, it relates to a method for producing an a. p-unsaturated nitrile (hereinafter referred to as a nitrile) 
and/or an unsaturated carboxylic acid by subjecting an alkane having a carbon number of from 3 to 8 and/or an alkene 
w having a carbon number of from 2 to 8 to a gas phase catalytic oxidation reaction in the presence of ammonia. Partic- 
ularly, it relates to an improved method for producing a nitrile using an alkans having a carbon number of from 3 to 3 as 
a raw material. 

BACKGROUND ART 

is 

[0002] A gas phase catalytic reaction of an alkane having a carbon number of from 3 to 8 and/or an alkene having 
a carbon number of from 2 to 8, is known as a method for thereby producing an unsaturated carboxylic acid such as 
acrylic acid, or as a method for producing a nitrile such as acrylonitrile or methacrylonitrile by the reaction in the pres- 
ence of ammonia. Particularly, acrylonitrile and methacrylonitrile are widely utilized as important raw materials for pre- 
20 paring fibers, synthetic resins, synthetic rubbers, etc., and they are produced on an industrial scale. As a method for 
producing these nitriles, an ammoxidation method has heretofore been employed as the most common method, 
wherein an olefin such as propylene or isobutene is subjected to a gas phase catalytic reaction at a high temperature 
with ammonia and oxygen in the presence of a suitable catalyst. 

[0003] On the other hand, recently, an interest has been drawn to a method for producing acrylonitrile and meth- 

25 acrylonitrile by an ammoxidation reaction method wherein a lower alkane such as propane or isobutane is used as a 
starting material instead of an olefin, for an economical reason such as the difference in price between propane and 
propylene or a difference in price between isobutane and isobutene. and researches and developments of catalysts 
suitable for such a reaction, have been carried out and various reports have been made. As examples of such reports, 
a Mo-Bi-P-O type catalyst (JP-A-48- 16887), a V-Sb-O type catalyst (JP-A-47-33783, JP-B-50-23016), a Sb-Sn-O type 

30 catalyst (JP-B-47- 14371), a Sb-Sn-0 type catalyst (JP-B-50-28940), a V-Sb-W-P-0 type catalyst (JP-A-2-95439), a 
catalyst obtained by mechanically mixing a V-Sb-W-O type oxide and a Bi-Ce-Mo-W-O type oxide (JP-A-64-38051), a 
Cr-Sb-W-0 type catalyst (JP-A-7- 157461) and a Mo-Sb-W-O type catalyst (JP-A-7-157462) are. for example, known. 
Further, the present inventors have also reported on e.g. a Mo-V-Nb-Te-0 type catalyst particularly suitable for this 
method (JP-A-2-257, JP-A-5-2081 36). 

35 [0004J However, in each of the methods using these catalysts, the selectivity for intended nitriles is not necessarily 
adequate, and they are not yet satisfactory as industrial methods. Further, in order to improve the selectivity for nitriles. 
a method has, for example, been proposed wherein a small amount of an organic halide, an inorganic halide or a sulfur 
compound, is added to the reaction system, but such a method has a problem such as corrosion of the reaction appa- 
ratus or complication in the purification of the formed nitriles, and each method has a practical difficulty in industrial 

40 application. 

[0005] • The present inventors have studied the characteristics of this reaction in detail in order to improve the selec- 
tivity from an alkane to the desired nitrile and as a result, have found it possible to form a nitrile at high selectivity by 
adjusting the ratio in concentration^ alkane:ammonia:oxygen in the reaction gas to be supplied, within a predeter- 
mined range, and by suppressing the conversion of the supplied alkane to a level of at most a predetermined value, and 
45 they have further found it possible to substantially increase the yield of the nitrile from the alkane by separating the 
nitrile in an efflux from the reactor and supplying a recovered gas containing an unreacted alkane again into the reactor, 
and have previously proposed (JP -3-255338). 

[0006] Further, the present inventors have studied a method for producing nitriles efficiently by one of the above- 
mentioned methods, or by a combination of a plurality of such methods, or by replacing such methods, and they have 

so found it possible to effectively control the reaction temperature and the quantity of heat generated by the reaction, by 
the presence in the reactor of a predetermined amount of particles inert to the reaction other than the catalyst particles, 
whereby nitriles can more effectively be produced, and thus have arrived at the present invention. 
[0007] Further, the present invention has been accomplished on the basis of a discovery that this method provides 
the same effects also in a gas phase catalytic oxidation reaction in a fluidized bed reactor of not only an alkane having 

55 a carbon number of from 3 to 8 but also an alkene having a carbon number of from 2 to 8. 

[0008] Further, in the present invention, it is proposed to withdraw the mixed metal oxide catalyst used for the reac- 
tion in the form of a mixture with the particles inert to the reaction and to separate and recover the inert particles from 
the mixture, and an extensive study has been carried out on a method for such separation and recovery, whereby it has 
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been found it possible to accomplish the above object by permitting the inert particles to be present again in the reactor. 

DISCLOSURE QE THE INVENTION ^ 

T00091 The gist of the present invention relates to a method for a gas phase catalytic oxidation reaction of a hydro- 
carbon, which comprises subjecting an alkane having a carbon number of from 3 to 8 and/or an alkene having a carbon 
numbe of from 2 to 8 to a gas phase catalytic oxidation reaction in the presence of a m.xed metal oxide catalyst. 
whTreln L reaction is carried out in the presence in the reactor of particles substantially inert to the reaction ,n an 
Tmoum within a range of from the same amount as the amount of the catalyst to 99 wt% ,n all parties .n the reactor. 
The present invention is particularly suitable for a method for a gas phase catalytic oxidat.on reaction of an alkane hav- 

rooi 3 or rb °Furth^ e the f oreTentTr^ention is suitable particularly for a method for producing an a. p-unsaturated nitrile 
by a so-called ammoxkJation reaction wherein the gas phase catalytic oxidation reaction is carried out in the presence 

?OoT, r n 'sti" further, the present invention resides in a method for a gas phase catalytic oxidation reaction of a hydro- 
carbon, wherein the mixed metal oxide catalyst used for the reaction, is withdrawn in the form of a mixture ^ the ,nert 
particles, and the mixed metal oxide catalyst and the inert particles are separated and recovered from the mixture. 

BPRT MODE FOR CARPVINH OUT TH P INVENTION 
r0012l Now. the present invention will be described in detail. 

001 3 The method for a reaction of the present invention is preferably applied to a gas phase catalytic reaction 
wherein an alkane having a carbon number of from 3 to 8. such as propane, butane, isobutane. pentane. hexane. hap- 
^^SmTSLA propane and/or isobutane. or an alkene having a carbon number of from 2 to 8. such as eth- 
Ine p^ene or isobutylene. is used as a raw material. Specifically, it may. for example, be products of acrole.n 
and/o'r acTyl acid from propane, production of methacrolein and/or methacrylic acid from .sobutane. produc*on of.. 
mal£ anhydride from n-butane. production of ethylene and/or acetic acid from ethane, production of acrolein and/or 
Sc acd Jorn propylene, production of acrylonitrile from propylene, production of methacrolein and/or methacrylic 
arid from isobutviene or production of dichloroethane from ethylene. 

SSST Fu^rthe present invention is suitable for a method for producing an a. p-unsaturated n.tn.e by so-called 
immoxidatr 0 n rSon wherein the gas phase cata.ytic oxidation reaction is carried out in the presence of ammonia^ 
pTrtculSy it is suitable for a method for a gas phase catalytic reaction of an alkane having a carbon number of from 3 
ioTsuch as production of a nitrile from propane, butane, isobutane. pentane. hexane or heptane, or production of acry- 

C ^T^Z^^: it is necessary that at the time of such a gas phase catalytic oration reaction in 
addition to the mixed metal oxide catalyst, partic.es substantially inert to the reaction are present in a predetermined 

ramS"' Namely, for example, in a case where a nitrile is obtained from an alkane by a gas phase catalytic oxidation 
eaction as the amount of the nitrite produced per the unit catalyst amount and per un.t time .ncreases. the quantity of 
heat trmed dur^the reaction increases, whereby it has been difficult to sufficient* remove the reaction heat by a 
on n^^nlueactL system, and it becomes difficult to control the reaction temperature For such a con 
ments in the structure of the reactor and improvements of e.g. a cooler for removmg the heat, mounted on the reactor 
are oeing made but such attempts have a drawback such that installation of the apparatus tends to be expensive, or 

r001 O 9 P , era,i 7JS?^££E*. entity of heat generated per catalyst particles, if the guantHy of the heat gen- 
ra 2 increase Tthe temperature of the catalyst particles tends to be abnormally high, and the active ^utfure 
whereby the catalyst effectively acts, tends to be hardly maintained, whereby a decrease ,n the cata.ytic performance 

%*me7w'ith respect to the reaction system, a f luidized bed reaction system is preferably 
the control of the reaction temperature or the reaction heat is thereby easy, but in such a case, the amount of catalyst 
pY^tenos to be SeS to attain a suff ciently high f luidized bed height, and it becomes difficult to carry out the 

SET ^eTetrpreTe^entors have found that by the presence* particles substantia^ inert to the reaction in 
thTreactor in an amount of at least the same amount as the amount of the catalyst. ,t ,s poss,b.e to effective* remove 
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the heat formed during the reaction by thermal conduction from the catalyst to the inert particles, and especially when 
a fluidized bed reaction system is employed, it is possible to accomplish the desired fluidized bed height and thereby to 
facilitate the control of the reaction. Further, the upper limit of the amount of the inert particles is at most 99 wt% in all 
particles in the reactor taking it into consideration that the catalyst is indispensable for the reaction. Especially when the 
5 practicality is taken into consideration, the amount of the inert particles is preferably within a range of at least 60 wt% 
and at most 95 wt% in all particles in the reactor. 

[0022] Specifically, as such particles substantially inert to the reaction, it is preferred to employ an oxide containing 
at least one element among Si, Al, Ge. Ga. Zr, Ti, Mo. W. Cr. No. Ta. Fe. Co. Ni. an alkaline earth metal and a rare earth 
element, since it is thereby possible to maintain the selectivity for the desired product such as a nitrile at a high level. 
w [0023] As such particles, commercially available oxides may be used as they are. or they may be produced by a 
conventional method by using a raw material of the desired metal oxide, and they may be adjusted into a desired shape 
or size for use. as the case requires. For example, when silica is used, a commercially available powdery or spherical 
silica may be employed, or one produced by subjecting a silica sol or a silicon halide or alkoxide by itself or in the form 
of a solution, to heat treatment, may be employed. 

is [0024] The oxide particles may be subjected to heat treatment as the case requires. As a condition for this heat 
treatment, a temperature range of at least 300°C. preferably from 500 to 1, 500° C, may be mentioned, and the atmos- 
phere and the treating method, time, etc., are not particularly limited, but the treatment is preferably carried out under 
conditions of from 1 minute to 10 hours in air. or in an inert gas such as nitrogen, argon or helium or in vacuum. Further, 
in some cases, it is preferred to carry out the heat treatment by an addition of a small amount of a compound containing 

20 boron to such oxide particles, whereby the particles tend to be more inert to the reaction. 

[0025] Further, the effect of the present invention is such that the efficiency differs also depending upon the catalyst 
to be used. However, so long as it is a catalyst useful for a gas phase catalytic oxidation reaction of an alkane or alkene, 
even if a certain difference may exists depending upon the type of the catalyst, it is possible to control the reaction tem- 
perature or the reaction heat and to carry out the reaction efficiently by the method of the present invention. 

25 [0026] A mixed metal oxide catalyst with which the method of the present invention is particularly effective, is one 
containing a mixed metal oxide which comprises molybdenum, vanadium. X. Y and oxygen (X is at least one member 
among tellurium and antimony, and Y is at least one element selected from the group consisting of niobium, tantalum, 
tungsten, titanium, aluminum, zirconium, chromium, manganese, iron, ruthenium, cobalt, rhodium, nickel, palladium, 
platinum, bismuth, boron, indium, phosphorus, a rare earth element, an alkali metal and an alkaline earth metal) as 

30 essential components, and wherein the proportions of the above essential components except for oxygen satisfy the 
following conditions: 

0.25<rMo<0.98 
0.003<rV<0.5 
35 0.003<rX<0.5 
0.003<rY<0.5 

(whereip rMo. r V, rX and rY are molar fractions of Mo. V. X and Y. based on the total amount of the above essential com- 
ponents except for oxygen), and in the present invention, it is preferred to use such a catalyst. 
40 [0027] Particularly preferred is a case wherein Y is at least one member among No. Ta. Ti and Bi. 

[0028] The method for preparation of such a mixed metal oxide catalyst is not particularly limited. For example, a 
method may be mentioned wherein a solution or an aqueous solution of slurry state containing various raw material 
components for the mixed metal oxide, is prepared, followed by drying and calcining. 

[0029] For example, a mixed metal oxide containing molybdenum, vanadium, tellurium and niobium, can be 
45 obtained by sequentially adding an aqueous solution of telluric acid, an aqueous solution of ammonium niobium oxalate 
and an aqueous solution of ammonium paramolybdate to an aqueous solution of ammonium metavanadate in such a 
ratio that the atomic ratios of the respective metal elements would be predetermined proportions, followed by drying by 
an evaporation to dryness method, a spray drying method, a freeze drying method or a vacuum drying method, to 
obtain a dried product, and then, calcining the dried product. 
so [0030] The calcining method may optionally be employed depending upon the nature or volume of the dried prod- 
uct. Usually, heat treatment on an evaporating dish or heat treatment by means of a heating furnace such as a rotary 
furnace or a fluidized bed furnace, may be applied. The calcining conditions are such that the temperature is usually 
within a range of from 200 to 700°C. preferably from 250 to 650°C. and the time is usually within a range of from 0.5 to 
30 hours, preferably from 1 to 10 hours. Further, calcination may be carried out in an oxygen atmosphere, but it is pref- 
55 erably carried out in the absence of oxygen. Specifically, it is preferably carried out in vacuum or in an atmosphere of 
an inert gas such as nitrogen, argon or helium. 

[0031] The mixed metal oxide obtained as described above, may be used by itself as the oxidation catalyst for the 
present invention. However, in some cases, it is possible to use one having a solution containing an element selected 
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from the group consisting of tungsten, molybdenum, chromium, zirconium, titanium, niobium, tantalum vanadium 
boron bismuth, tellurium, palladium, cobalt, nickel, iron, phosphorus, silicone, a rare earth element, an alkali metal and 
an alkaline earth metal, impregnated to such a mixed metal oxide, in order to improve the surface activity of the catalyst. 
[0032] Further the above described mixed metal oxide catalyst may be used alone, but may paused .n the form of 
a mixture containing from 1 to 90 wt% of a well known carrier component such as silica, alumina, t.tan.a. z.rcon.a. alu- 
minosilicate or diatomaceous earth. Here, such a carrier may be added at any stage such as- at the time of preparing 
the mixed metal oxide or prior to or after the impregnation treatment after the preparation. 

[0033] This mixed metal oxide catalyst is superior in the yield and selectivity for nitriles. as compared with usual 
conventional catalysts used for preparation of nitriles from alkanes. whereby preparation of nitriles can be earned out 
even by a conventional reaction system having a high conversion. However, the efficiency for production of nitriles may 
b P further improved by carrying out the production by maintaining the alkane concentration and/or the compos.t:onal 
ratio of components in the reaction gas within a certain specific range and further adjusting the conversion of the alkane 
to a level of at least a certain specific ratio, at the time of using this mixed metal ox.de catalyst. 
[0034] Namely in the present invention, when the reaction is carried out under such conditions that the composition 
of the reaction gas to be supplied to the reactor particularly in the case of producing a nitrile from an alkane. is made 
to be alkane:ammonia:oxygen:diluting gas = 1 :0.001 -0.9:0.1-1.8:0-9 (molar fractions), that the alkane content in the gas 
is adjusted to be from 10 to 90 vol% and further that the conversion of the alkane is at most 70%. preferably at most 
50% the selectivity of the reaction for the intended nitrile will improve, which will be more advantageous. 
[0035] Here, the diluting gas is used for adjusting the oxygen partial pressure or the space velocity and is meant for 
a gas which is not substantially involved in the gas phase catalytic oxidation reaction, and specifically, it may. for exam- 
Die be nitrogen, argon, helium, carbon dioxide or steam. 
[0036] To maintain the conversion of the alkane to a low level of e.g. at most 70%. a reaction cond.tion such as the 
composition of the reaction gas. the reaction temperature, the reaction pressure or the gas space velocity (SV) may be 

25 [GMT? 6 * 1 In the present invention, the gas phase catalytic oxidation reaction is carried out usually under atmospheric 
pressure, but it can also be carried out under a low level of elevated pressure or reduced pressure. - 
[00381 In a case where the above mixed metal oxide catalyst is used, the reaction may be earned out at a temper- 
ature lower than the conventional ammoxidation reaction of an alkane. for example, within a temperature range of from 
340 to 500'C particularly preferably from 380 to 470°C. Further, the gas space velocrty SV in the gas phase reacton 

30 is usually within a range of from 100 to 10.000 h" 1 , preferably from 300 to 2.000 h 

[0039] The reaction system to be employed for the method of the present invention is not part.cularly limited, and 
he reaction may be carried out in any one of fixed bed. fluidized bed and mobile bed systems. Howev er. because i of the 
exothermic reaction, a fluidized bed system is most common, as the control of the reacton temperature is thereby easy. 
[0040] When the method for a reaction of the present invention is carried out in a fluidized bed reactor, as the phys- 

,5 ical properties of the inert particles, the shape is preferably spherical, and the weight average particle s.ze (djameter) 
is usually within a range of at least 10 um and at most 200 pm, preferably at least 25 »xm and at most 150 pitt This par- 
ticle size is not particularly limited, but in many cases, it is preferred that fine particles of at most 10 ^ are not con- 
tained Accordingly, it is preferred to use particles from which particles having sizes smaller than the above range have 
beenfemoved preferably by a means such as sieving. Further, it is preferred that particles which are too large, are also 

40 removed by e.g. sieving, or brought into the above range by e.g. pulverization. 

[0041 ] Further, the bulk density is preferably at least 0.5 and at most 2.0. and the crushing strength is preferably at 

least 5 WPa and at most 15 MPa. . ,«■•_,• ^ 

[0042] The method for preparation of the catalyst is not particularly limited, but ,n the case of a flu.d.zed bed cata- 
lyst, a common method for producing a fluidized bed catalyst may be employed. For example, it i* common to spray dry 
a solution or a slurry of raw material and to use the obtained product as it is or to subject it to the heat treatment as 

m043] ned The Wend ratio of the catalyst particles and the particles inert to the reaction varies depending upon e.g. the 
type of the reaction, the reaction system, the reaction conditions, the properties of the catalyst, etc.. and it is ^ermined 
particularly taking into consideration the quantity of heat to be generated. Further, in a case where a fixed bed reactor 
system is employed, it is more preferred that the ratio of the inert particles is not made to be the same thraughou the 
entire catalyst layer, but this ratio is varied depending upon the amount of reaction, for example, so that ,t w, be 
inversely proportional to the concentration gradient and the conversion rate of the alkane and/or alkene '"^e reactor. 
[0044] Further, in the present invention, it is proposed that after carrying out the reaction, the mixed metal ox.de cat- 
alyst and the particles inert to the reaction are withdrawn from the reactor as they are mixed, and the mixed me al ox.de 
catalyst and the inert particles are separated and recovered from the mixture. Especially^, the present «™«™-** 
proposed that after recovery of the inert particles, they are used again for the reaction This reuse is Pa^arly e- 
fervid since it is thereby possible to effectively utilize the inert particles, and it is possible to reduce the cost for obtain- 
ing such particles, such being economical, and it is also possible to reduce the amount of particles to be disposed as a 



5 



EP 0 997 454 A1 



waste. 

[0045] As a method for such separation/recovery/reuse, a method may be mentioned wherein the mixture of the 
inert fine particles and the catalyst after the reaction, is divided into a mixture portion wherein the ratio of the catalyst 
component is high and a mixture portion wherein the ratio of the inert component is high, and the portion wherein the 
5 inert component is high, is reused for the reaction or further separated. 

[0046] Particularly preferred is a method wherein the mixed metal oxide catalyst and the particles inert to the reac- 
tion are separated and recovered specifically by e.g. sieving, air classification, wet classification or magnetic classifica- 
tion. 

[0047] Among them, separation by sieving utilizes the difference in the particle sizes, and the air classification or 
w the wet classification utilizes the difference in the inertial force of the particles and in the resistance received from the 
fluid i.e. utilizes the difference in the particle size and the weight of the particles. The magnetic separation utilizes the 
difference in the magnetic property of the particles. 

[0048] Here, in a case where the difference in the particle size is utilized to carry out classification by sieving or air 
classification to separate the inert particles from the catalyst, it is preferred from the viewpoint of the separability that 
15 as between the catalyst particles and the inert particles, the weight ratio of the other particles having sizes of at least 
the weight average particle size of the larger ones, is adjusted to be at most 40%, and the weight ratio of the other par- 
ticles having sizes of at most the wave average particle size of the smaller ones, is adjusted to be at most 40%. 
[0049] Further, in a case where the difference in the bulk density of particles is utilized to carry out classification by 
e.g. air classification, it is preferred also from the viewpoint of the separability and fluidity that the bulk density of parti- 
20 cles of either the particles of the mixed metal oxide catalyst or the inert particles, is adjusted to be at least 1 . 1 times and 
at most 4.0 times, further preferably at least 1 .2 times and at most 3.5 times, of the bulk density of the other particles. 
If the difference in the specific gravity is less than 1 .5 times, the separability tends to be low, and such tends to hinder 
reuse of the inert particles. If the difference is larger than 4.0 times, when the reaction is carried out in a fluidized bed, 
classification within the reaction layer lends to be vigorous, which tends to hinder the fluidity. 
25 [0050] Further, the difference in strength of the catalyst and the inert particles can be utilized for separation. 
Namely, the particles of the mixed metal oxide catalyst and the inert particles are made to have a difference in the 
crushing strength of at least about 10 MPa. and a mixture of the particles of the mixed metal oxide catalyst and the inert 
particles withdrawn from the reactor, is subjected to pulverization treatment, so that either one of the particles having a 
smaller crushing strength is pulverized, and the pulverized product is removed, whereby the particles of the mixed metal 
30 oxide catalyst and the inert particles can be separated. Here, taking into consideration the possibility of using the inert 
particles again as being present in the reactor, it is preferred that the inert particles have a higher crushing strength than 
the catalyst particles so that when the mixed particles are treated in a pulverizer having the pulverization strength 
adjusted, only the catalyst is pulverized, and the inert particles can be recovered in a non-pulverized state. Of course, 
after the pulverization treatment there will be a difference in the particle size such that the inert particles are large, and 
35 the catalyst particles are small, and from the product recovered from the pulverization treatment, the inert particles can 
be recovered by the above-mentioned sieving or air classification. At that time, the strength of the catalyst is preferably 
at least 5 MPa and at most 15 MPa, as mentioned above. The strength of the inert particles is preferably at least 20 
MPa and at most 1 ,000 MPa. If it is less than 20 MPa, it tends to be difficult to pulverize only the catalyst. Further, if it 
is stronger than U000 MPa, the wall surface of e.g. the pulverizer, the classifier or the reactor, is likely to be abraded. 
40 [0051 ] Further, it is also possible that a substance which is susceptible to a magnetic field, such as a paramagnetic 
substance, is added to the component of inert particles, and by applying a magnetic field, the inert particles are sepa- 
rated from the mixed particles with the catalyst 

[0052] In the foregoing description, the characteristics of the present invention have been described with reference 
to a case of a reaction (a so-called ammoxidation reaction) to produce a nitrile by subjecting an alkane to a gas phase 

45 catalytic oxidation reaction with ammonia. However, as described above, the present invention is applicable in the same 
manner as described above also to other gas phase catalytic oxidation reactions of alkanes, specifically for the produc- 
tion of acrolein and/or acrylic acid from propane, the production of methacrolein and/or methacrylic acid from isobutane, 
the production of maleic anhydride from n -butane or the production of ethylene and/or acetic acid from ethane. The ratio 
of feed gas in this case where ammonia is absent, is preferably such that alkane and/or alkene:oxygen:diluting gas 

so (molar fractions) s 1:0.1-5:0.5-40. 

[0053] Further, the above mentioned method for obtaining a nitrile by subjecting an alkane to a gas phase catalytic 
oxidation reaction with ammonia, a method for simultaneously obtaining an unsaturated carboxylic acid in addition to 
the nitrile. is also included. 

[0054] Further, it is applicable also to a method for subjecting an alkene having a carbon number of from 2 to 8 to 
55 a gas phase catalytic oxidation reaction in a fluidized bed reactor having a mixed metal oxide catalyst Specifically, the 
production of acrolein and/or acrylic acid from propylene, the production of acrylonitrile from propylene, the production 
of methacrolein and/or methacrylic acid from isobutylene or the production of dichloroethane from ethylene, may, for 
example, be mentioned. 
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[0055] Or, it is also applicable to the production, from a mixture of an alkane and an alkene, of their nitriles, unsatu- 
rated carboxylic acids or acid anhydrides. 

[0056] Further, in the present invention, in the case of producing an unsaturated carboxylic acid or a nitrile, the con- 
version of the alkane is preferably adjusted to be at most 70%. In such a case, in the desired reactiorvproduct an unre- 
acted alkane and an alkene corresponding to the raw material alkane may sometimes be contained, and they maybe 
separated and recovered and again supplied to the reactor, whereby the total yield of the nitrile relative to this alkane 
and/or alkene. can be increased, such being desirable. 

EXAMPLES 

[0057] Now, the present invention will be described in further detail with reference to Examples and Reference 
Examples. However, the present invention is by no means restricted to such Examples. 

[0058] Further, the conversion (%). the selectivity (%) and the yield (%) in the following Examples, are represented 
by the following formulae, respectively. 



Conversion (%) of alkane = (mols of consumed alkane/mols of supplied alkane) x 100 

Selectivity (%) for desired nitrile =* (mols of formed desired nitrile/mols of consumed alkane) x 100 

20 Yield (%) of desired nitrile » (mols of formed desired nitrile/mols of supplied alkane) * 100 

REFERENCE EXAMPLE 1 : Preparation of mixe d oxide catalyst fMoi Vn ^Ten ^Nbn ^QJSQp 10 wfft) 

[0059] A mixed metal oxide having the empirical formula Mo t V 0 3 Te 0 2 3 N bo.i20n/Si0 2 10 wt% was prepared as fol- 
25 lows. In 5.68 / of warm water, 1.38 kg of ammonium paramolybdate, 0.275 kg of ammonium metavanadate and O.413 
kg of telluric acid were dissolved to obtain a uniform aqueous solution. Further, 0.658 kg of a silica sol having a silica 
content of 20 wt% and 0.618 kg of an aqueous ammonium niobium oxalate solution having a niobium concentration of 
0.659 mol/kg. were mixed thereto, to obtain a slurry. This slurry was dried to remove the water content. Then, this dried 
product was subjected to heat treatment at about 300°C until the ammonia odor was no longer present and then cal- 
30 cined at 600°C for two hours in a nitrogen stream. 

[0060] The obtained catalyst was sieved to remove particles having diameters of at most 39 urn. The particle size 
distribution of this mixed metal oxide catalyst was measured by a laser diffraction • scattering type particle size distribu- s 
tion measuring apparatus (LMS-24, trade name, manufactured by Kabushiki Kaisha Seishin Kigyo). whereby the weight «- ^ 

average particle size (diameter) was about 50 jim. 
35 [0061] Further, the crushing strength of this catalyst was measured by a compression testing apparatus (Auto- . ; 

graph, manufactured by Shimadzu Corporation) and found to be about 40 MPa. and the bulk density measured, by a -,.r^- 
powder property measuring apparatus (Multi Tester MT-1000. trade name, manufactured by Kabushiki Kaisha Seishin 
Kigyo^was 1.0. 

40 EXAMPLE 1 

[0062] The same silica sol as used in the production of the mixed oxide catalyst in Reference Example 1 . was dried 
to remove the water content, and then, the obtained solid was calcined at 1 ,000°C for two hours in air and further pul- 
verized to obtain silica particles. The weight average particle size of the silica particles was about 19 *im. Further, the 
45 crushing strength was about 200 MPa, and the bulk density was 1.2. 

[0063] Further, of the catalyst, the weight ratio of particles of at most 1 9 um which was the weight average particle 
size of the silica particles, was 0%. and of the silica particles, the weight ratio of particles of at least 50 um which was 
the weight average particle size of the catalyst particles, was 18.45%. 

[0064] 400 mg of the silica thus obtained and 100 mg of the mixed oxide catalyst Mo y V 0 3 Te 0 23 Nb 0 I2°n/Si0 2 1 ° 
so wt%. prepared as described in Reference Example 1 , were packed into a fixed bed flow type reactor, and a gas phase 
catalytic oxidation reaction was carried out at a temperature of 429°C at a ratio of propane:ammonia:oxygen:nitrogen = 
1:0.3:0.8:3.2 (propane concentration: 18.9 vol%) so that the amount of propane supplied per unit weight of the total 
amount of the catalyst and the silica, would be 0.371 kg/kg -catalyst • h. As a result, the conversion of propane was 
25.0%. the yield of acrylonitrile was 15.4%. and propylene was formed in a yield of 3.6%. The selectivity for acrylonitrile 
55 was 61.6%. and the selectivity for propylene was 1 4.4%. 
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EXAMPLE 2 

[0065] Commercially available silica (Cariact Q50, manufactured by Fuji Silicia K.K.) was caJcined at 1.100°C for 5 
hours in an air stream. The weight average particle size of the silica particles was about 30 urn. anp! the crushing 
5 strength was about 250 MPa. 

[0066] Further, of the silica particles, the weight ratio of particles of at least 50 jim which was the weight average 
particle size of the catalyst particles, was 34.73%. 

[0067] 400 mg of such silica particles were mixed with 100 mg of the mixed metal oxide catalyst prepared as 
described in Reference Example 1 , and by means of the same fixed bed flow type reactor as described in Example 1 . 
w a gas phase catalytic oxidation reaction was carried out at a reaction temperature of 409°C at a ratio of propane: ammo- 
nia :oxygen:nitrogen = 1 :0.3:0.8:3.2 (propane concentration: 18.9 vol%) so that the amount of propane supplied per unit 
weight of the total amount of the catalyst and the silica would be 0.371 kg/kg -catalyst - h. As a result, the conversion of 
propane was 25.0%. the yield of acrylonitrile was 13.5%. and propylene was formed in a yield of 4.3%. The selectivity 
for acrylonitrile was 54.0%. and the selectivity for propylene was 17.2%. 

15 

EXAMPLE 3 

[0068] The mixture of the mixed metal oxide catalyst and the silica particles, used for the reaction in Example 2, 
was sieved by a JIS standard sieve having an opening of 44 ^m. to obtain 159 mg of non-pass product and 341 mg of 
20 pass product, as recovered products. The compositions of the recovered products were analyzed by an ICP lumines- 
cence method, whereby the non-pass recovered product contained 62 wt% of the catalyst component, and the pass 
recovered product contained 99.7 wt% of the silica partide component. 

[0069] To 400 g of the pass recovered product thus separated, 100 mg of the mixed metal oxide catalyst prepared 
as described in Reference Example 1 , was mixed, and in the same manner as in Example 1 , by means of a fixed bed 
25 flow type reactor, a gas phase catalytic oxidation reaction was carried out at a reaction temperature of 41 1 9 C at a ratio 
of propane:ammonia:oxygen:nitrogen = 1 :0.3:0.8:3.2 (propane concentration: 18.9 vol%) so that the amount of propane 
supplied per unit weight of the total amount of the catalyst and the silica would be 0.371 kg/kg-catalyst ■ h. As a result, 
the conversion of propane was 25.0%. the yield of acrylonitrile was 13.4%, and propylene was formed in a yield of 4.3%. 
The selectivity for acrylonitrile was 53.6%, and the selectivity for propylene was 1 7.2%. 

30 

EXAMPLE 4 

[0070] 120 g of the mixed metal oxide catalyst prepared in Reference Example 1 and 480 g of the same silica par- 
ticles as in Example 1 , were mixed and packed into a fluidized bed reactor having a cyclone, whereby the internal diam- 

35 eter of the fluidized portion was 52.9 mm. whereupon the temperature in the reactor was increased to about 450°C by 
supplying only nitrogen, and a gas phase catalytic oxidation reaction was carried out by supplying a gas mixture in a 
molar ratio of propane: ammonia :oxygen: nitrogen = 1 :0.6:1 .6:6.4 from a pipe at the bottom of the reactor while fixing the 
weight ratio of propane (wwH) supplied to the catalyst at a level of about 0.27 g-propane/g -catalyst • h. 
[0071 J"* The gas formed by the reaction was analyzed, 

40 whereby: 





Conversion of propane 


42.5% 


45 


Yield of acrylonitrile 


25.7% 




Yield of propylene 


5.7% 




Selectivity for acrylonitrile 


60.4% 


50 


Selectivity for propylene 


13.5% 



COMPARATIVE EXAMPLE 1 

55 [0072] Under the same reaction conditions as in Example 4. without mixing silica particles, in the presence of only 
the mixed metal oxide catalyst (120 g), the temperature in the reactor was increased to about 380°C while supplying 
only nitrogen, and a mixed gas in a molar ratio of propane:ammonia:oxygen:nitrogen = 1 :0.6:1 .6:6.4 was supplied from 
a pipe at the bottom of the reactor while fixing the weight ratio (wwH) of propane supplied to the catalyst at a level of 



8 



EP 0 997 454 A1 



15 



about 0.27 g-propane/g-catalyst • g. 

[0073] After supplying this mixed gas, at the lower portion of the catalyst layer, the temperature rose immediately 
(within 5 minutes), whereby an overheating breaker (set at 480«C) installed for temperature control, was actuated, and 
the heater for the reactor and the supply of the reaction gas were stopped, and it was therefore imposs.ble to continue 
the reaction. 

COMPARATIVE EXAMPLE 2 

[0074] Under the same reaction conditions as in Example 4, without mixing silica particles, in the presence of only 
the mixed oxide catalyst (6,000 g), the temperature in the reactor was increased to about 380°C while supplying only 
nitrogen and a m.xed gas in a molar ratio of propane:ammonia:oxygen:nitrogen = 1:0.6:1.6:6.4 was supplied from a 
pipe at the bottom of the reactor while fixing the weight ratio (wwH) of propane supplied to the catalyst at a level of about 

0 27 g-p'cpane/g-catalyst • h. 

[0075] After supplying this mixed gas. at the lower portion of the catalyst layer, the temperature rose immediately 
within 5 minutes), whereby the overheating breaker (set at 480°C) installed for temperature control, was actuated, and 
the heater for the reactor and the supply of the reaction gas were terminated, and it was impossible to continue the reac- 

: tion. 

INDUSTRIAL APPLICABILITY 

[0076] According to the present invention, it is possible to effectively control the reaction temperature and the 
amount of heat generated by the reaction in a method for a gas phase-catalytic oxidation reaction of a hydrocarbon, 
soecifically in a method for producing a nitrile and/or an unsaturated cart)oxylic acid by a gas phase catalytic oxidation 
reaction of an alkane or an alkene. particularly in a method for producing a nitrile using an alkane having a carbon 
number of from 2 to 8 as a raw material, especially in a case where a fluidized bed reactor is employed, whereby it .s 
possible to produce a nitrile more efficiently. Further, after the reaction, the catalyst component and the component inert 
to the reaction are separated, and the inert component is re-used without deterioration of the performance, such bang 
very economical. 

30 Claims 

1 A method for a gas phase catalytic oxidation reaction of a hydrocarbon, which comprises subjecting an alkane hav- 
ing a" carbon number of from 3 to 8 and/or an alkene having a carbon number of from 2 to 8 to a gas phase catalytic 
oxidation reaction in the presence of a mixed metal oxide catalyst, wherein the reaction is carried out in the pres- 

35 ence in the reactor of particles substantially inert to the reaction in an amount with.n a range of from the same 
amount as the amount of the catalyst to 99 wt% in all particles in the reactor. 

2 The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to Claim 1 . which is a method 
wflerein an alkane having a carbon number of from 3 to 8 is subjected to the gas phase catalytic oxidation reaction. 

3 The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to Claim 1 or 2. wherein the 
gas phase catalytic oxidation reaction is carried out in the presence of ammonia to produce an a. p-unsaturated 

nitrile. 



20 



25 



45 4. 



50 



The method for a gae phase catalytic oxidation reaction of a hydrocarbon according to any one of Claims 1 to 3. 
wherein the mixed metal oxide catalyst contains a mixed metal oxide which comprises molybdenum, vanad.um. X. 
Y and oxygen (X is at least one member among tellurium and antimony, and Y is at least one element selected from 
the group consisting of niobium, tantalum, tungsten, titanium, aluminum, zirconium, chrom.um, manganese, iron 
ruthenium cobalt, rhodium, nickel, palladium, platinum, bismuth, boron, indium, phosphorus, a rare earth element, 
an alkali metal and an alkaline earth metal) as essential components, and wherein the proportions of the above 
essential components except for oxygen satisfy the following conditions: 



0 25<rMo<0.98 
0003<rV<0.5 
55 0.003<rX<0.5 
0.003<rY<0.5 



(wherein rMo. rV. rX and rY are molar fractions of Mo. V. X and Y. based on the total amount of the above essential 
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components except for oxygen). 

5. The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to any one of Claims 1 to 4, 
wherein the reaction is carried out in the presence in the reactor of partides substantially inert to the reaction in an 
amount within a range of from 60 wt% to 95 wt% in all particles in the reactor. 

6. The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to any one of Claims 1.2.4 
and 5, wherein a gas supplied to the reactor has the following composition: 

[Feed gas composition] 

Alkane and/or alkene:oxygen diluting gas (molar fractions) = 1 :0.1 -5:0.5-40 

7. The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to Claim 3, wherein a gas sup- 
plied to the reactor has the following composition, the alkane and/or alkene content in said gas is from 10 to 90 
vol%, and the reaction is carried out while adjusting the conversion of the supplied alkane to a level of at most 70%: 

[Feed gas composition] 

Alkane and/or alkene:ammonia:oxygen:diluting gas (molar fractions) = 1 :0.0 1 -0.9:0. 1 - 1 .8:0-9 

8. The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to any one of Claims 1 to 7. 
wherein the reactor is a fluidized bed reactor. 

9. The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to any one of Claims 1 to 8, 
wherein the particles substantially inert to the reaction are an oxide containing at least one member among Si, Al, 
Ge. Ga, Zr, Ti, Mo. W, Cr, Nb. Ta. Fe. Co. Ni. an alkaline earth metal and a rare earth element. 

10. The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to any one of Claims 1 to 9. 
wherein the particles substantially inert to the reaction are an oxide containing at least one member among Si. Al. 
Ge. Ga. Zr, Ti. Mo. W. Cr. Nb. Ta, Fe. Co. Ni. an alkaline earth metal and a rare earth element, subjected to heat 
treatment at a temperature of at least 300°C 

11. The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to any one of Claims 1 to 10, 
wherein the alkane is propane and/or isobutane. 

12. The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to any one of Claims 1 to 1 1 , 
wherein the alkene is ethylene, propylene or isobutylene. 

13. The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to any one of Clams 1 to 12, 
wherein the particles substantially inert to the reaction are withdrawn in the form of a mixture with the mixed metal 
oxide catalyst, and the inert particles are separated and recovered from said mixture. 

14. The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to Claim 13, wherein the reac- 
tor is a fluidized bed reactor, each of the weight average particle sizes of the particles substantially inert to the reac- 
tion and particies of the mixed metal oxide catalyst, is at least 10 um and at most 200 um, the weight ratio of the 
other partides having sizes of at least the weight average particle size of the larger ones among the weight average 
particle sizes of these particles, is adjusted to be at most 40%, and the weight ratio of the other particles having 
sizes-ef at most the weight average particle size of the smaller ones, is adjusted to be at most 40%, and both par- 
ticles are separated by the difference in their particle sizes. 

15. The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to Claim 13. wherein the bulk 
density of particles of either one of the particles of the mixed metal oxide catalyst and the inert particles, is adjusted 
to be at least 1 .5 times and at most 4.0 times of the bulk density of the other particles, and both particles are sep- 
arated by the difference in their specific gravities. 

16. The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to Claim 13. wherein the par- 
ticles of the mixed metal oxide catalyst and the inert particles have a difference in the crushing strength of at least 
about 10 MPa. and a mixture of the particles of the mixed metal oxide catalyst and the inert particles withdrawn 
from the reactor, is subjected to pulverization treatment, so that either one of the particles having a small crushing 
strength is pulverized, and the pulverized product is removed, whereby the particles of the mixed metal oxide cat- 
alyst and the inert particles are separated. 
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1 7. The method for a gas phase catalytic oxidation reaction of a hydrocarbon according to any one of Claims 1 3 to 16, 
wherein after the particles of the mixed metal oxide catalyst and the inert particles are separated, said inert parti- 
cles are used again as being present in the reactor. 

5 18. A method for a gas phase catalytic oxidation reaction of a hydrocarbon, which comprises subjecting an alkane hav- 
ing a carbon number of from 3 to 8 and/or an alkene having a carbon number of from 2 to 8 to a gas phase catalytic 
oxidation reaction in the presence of a mixed metal oxide catalyst, wherein the reaction is carried out in the pres- 
ence in the reactor of particles substantially inert to the reaction in an amount within a range of from the same 
amount as the amount of the catalyst to 99 wt% in all particles in the reactor, and the control of the reaction tem- 

w perature is carried out. 
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